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ABSTRACT 

This  memorandum examines t h e  f e a s i b i l i t y  of provid ing  
a high ga in  antenna p o i n t i n g  s y s t e m  w i t h  t he  o b j e c t  of provid ing  
cont inuous t e l e v i s i o n  coverage d u r i n g  t h e  t r a v e r s e  of t h e  Lunar 
Roving Vehicle  ( L R V ) .  

This p r o j e c t  w a s  determined t o  be feasible.  A s o l u t i o n  
i s  recommended which u t i l i z e s  an Ea r th  seeker and a two-axis 
gimbal system. 
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MEMORANDUM FOR FILE 

W e  have examined the  problem of provid ing  a 
cont inuous t e l e v i s i o n  coverage du r ing  t h e  t r a v e r s e  of  t h e  
LRV. H e r e  w e  w i l l  examine p o s s i b l e  s o l u t i o n s  us ing  t h e  
h igh  g a i n  antenna. The h igh  ga in  antenna has  a narrow, * 2 1/2 degree,  beam width a t  the 1 db. p o i n t s .  
d i s t a n c e  t h e  Ea r th  subtends an angle  o f  2 degrees .  There- 
f o r e ,  t h e  antenna must be poin ted  a t  Ear th  wi th in  a 
1 .5  degree t o l e r a n c e .  

A t  l u n a r  

The Earth-Moon l i n e  d r i f t s  a t  0.536 degrees p e r  
hour.  The maximum t i m e  o f  t r a v e l  of t h e  LRV between s t o p s  
i s  s l i g h t l y  less than  one hour. I f  t h a t  w e r e  t h e  on ly  
d r i f t  it would be clear t h a t  t h e  antenna could be po in ted  
a t  t h e  Ea r th  du r ing  s t o p s  and s t a b i l i z e d  wi th  a s i n g l e  t w o  
gimbal p l a t fo rm us ing  gyroscopes. When gyro d r i f t  i s  taken  
i n t o  account ,  it i s  clear t h a t  i n  order t o  a t t a i n  a d r i f t  
r a te  of less than  1 . 0  degree p e r  hour  t h e  gyro system 
would have t o  be expensive,  heavy and complex. Considerable  
development would be r equ i r ed  t o  a s s u r e  t h a t  t h e  system 
could  s u r v i v e  the  environment and func t ion  a t  t h e  s p e c i f i e d  
d r i f t  rate.  * 

A system t h a t  would p o i n t  t h e  high ga in  antenna 
us ing  an Earth tracker was considered as more f e a s i b l e  and 
examined i n  d e t a i l .  

The Ea r th  t r a c k e r  i s  an o p t i c a l  device  t h a t  
g e n e r a t e s  error s i g n a l s  when t h e  E a r t h  s h i n e  i s  n o t  c e n t e r e d  
a long  i t s  o p t i c a l  a x i s .  The dev ice  can image t h e  Ea r th  on 
t h e  f o c a l  p l ane  by us ing  o p t i c s  o r  it may be p o s s i b l e  t o  
save weight  by us ing  a shadow mask arrangement. 

*For a d e t a i l e d  summary o f  t h e  c o n s i d e r a t i o n s  see, 
J. J. O'Connor, "On t h e  Problem o f  Continuous Te lev i s ion  
During Rover Traverses" ,  B e l l c o m m  Memorandum t o  be r e l e a s e d .  
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The device  could ope ra t e  i n  t h e  v i s i b l e  o r  i n f r a r e d  
r eg ions .  The i n f r a r e d  might have t h e  advantage of producing 
a more uniformly cen te red  image wi th  a c r e s c e n t  i l l u m i n a t e d  
E a r t h .  The v i s i b l e  reg ion  would o f f e r  more energy. The s i z e  
and energy of t h e  source  should prec lude  t h e  need f o r  s p a t i a l  
f i l t e r i n g .  

The angle  between t h e  sun and t h e  ear th  should be i n  
This  excess of 20 degrees  a t  any of t h e  l i k e l y  l and ing  si tes.  

w i l l  permi t  a p r a c t i c a l  sunshade des ign .  

P h o t o r e s i s t i v e  senso r s ,  such as cadmium su lph ide  o r  
s e l e n i d e  have t h e  r e q u i s i t e  s e n s i t i v i t y  b u t  t h e i r  response 
t i m e  i s  too s l o w  (70  msec. o r  g r e a t e r ) .  Therefore ,  a s i l i c o n  
p h o t o v o l t a i c  ce l l  should be used. The p h o t o c e l l  should 
probably be a q u a d c e l l  o r  p o s i t i o n  ce l l .  A quadce l l  i s  fou r  
cel ls  on t h e  same substrate. A p o s i t i o n  ce l l  i s  one ce l l  
t h a t  g ives  an ou tpu t  p ropor t iona l  t o  image p o s i t i o n .  

A t w o  a x i s  gimbal conf igu ra t ion ,  nominally r e p r e s e n t i n g  
t h e  LRV p i t c h - r o l l  $xes,  w i l l  be  adequate f o r  p o i n t i n g  t h e  antenna. 
A gimbal t rave l  of - 30 degrees appears  t o  be adequate.  
Ea r th  z e n i t h  ang le  w i l l  account f o r  1 5  degrees  and t h e  LRV motion 
on rouqh mare w i l l  account f o r  1 5  degrees. 

The 

A choice must be made between a balanced and an 

( i n  f avor  o f  a simple guns ight  o r  no th ing)  then  t h e  
unbalanced gimbal system. I f  t h e  p r e s e n t  o p t i c a l  s i g h t  i s  
removed, 
antenna would weigh about  2 l b s .  a t  about 8 i nches  o r  more 
ahead of t h e  gimbals.  A counter-balance us ing  the  e l e c t r o n i c s ,  
p l u s  some p i e c e  of hardware t h a t  w i l l  be c a r r i e d  along anyway, 
would be r e q u i r e d  f o r  a balanced gimbal conf igu ra t ion .  I f  
i r r e v e r s i b l e  gimbals are employed, it would n o t  be necessary  
t o  use  a counterbalance.  By i r r e v e r s i b l e  gimbals,  it i s  
meant t h a t  t h e  gimbals are dr iven  through a w o r m  gear  such 
t h a t  t h e  gimbals w i l l  appear mechanically locked t o  to rques  
a p p l i e d  a t  t h e  antenna. Inve r t ed  gimbals are p r e f e r r e d  f o r  
i r r e v e r s i b l e  gimbals t o  move t h e  gimbal p o i n t  c l o s e r  t o  t h e  
c.g. 
i n n e r  gimbal i s  a t t a c h e d  t o  t h e  suppor t  s t r u c t u r e  and t h e  
o u t e r  gimbal i s  a t t ached  t o  t h e  antenna. 
system t h e  o u t e r  gimbal w i l l  be attached t o  t h e  suppor t  s t r u c -  
t u r e .  

Inve r t ed  gimbals r e f e r  t o  a giirbal systein i n  vhich t he  

I n  a normal gimbal 

The gimbal conf igu ra t ions  are i l l u s t r a t e d  i n  F igure  1. 
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Since t h e  problem i s  t o  maintain an almost i n e r t i a l l y  
f i x e d  antenna v e c t o r ,  i n  theory very l i t t l e  power need be used. 
The f o r c i n g  func t ions  on t h e  antenna are twofold; t h e  coupl ing  
of gimbal angu la r  v e l o c i t y  i n t o  t h e  antenna mount through 
v i scous  f r i c t i o n  i n  t h e  bear ing  and back EMF i n  t h e  to rque  
motor (also t r e a t e d  as viscous f r i c t i o n )  and t h e  a c c e l e r a t i o n s  
a c t i n g  on t h e  gimballed,  unbalanced mass. 

The coupl ing  of gimbal v e l o c i t i e s  i s  extremely small .  
The major error source  i s  a c c e l e r a t i o n  o f  unbalanced mass. 
Therefore ,  ba lanc ing  t h e  antenna p l a t fo rm i s  very impor tan t ,  
e s p e c i a l l y  i n  t h e  p r e f e r r e d ,  free gimbal conf igu ra t ion .  Maximum 
r i g i d  body a c c e l e r a t i o n  a t  t h e  antenna mount w a s  c a l c u l a t e d  t o  
be 25 f t / s e c 2  over  t h e  rough mare. 

F l e x i b l e  body motion a t  t he  antenna i s  reduced by 
i n c r e a s i n g  t h e  s t i f f n e s s  of t h e  suppor t  s t r u c t u r e  ; however, 
t h e  n a t u r a l  frequency i s  inc reased ,  p l a c i n g  a requirement for  
h i g h e r  frequency response on t h e  c o n t r o l  system. I f  t h e  p r o j e c t  
i s  undertaken,  a t rade-of f  s tudy should be i n i t i a t e d  t o  e s t ab l i sh  
t h e  optimum r e l a t i o n s h i p  between c o n t r o l  response and suppor t  
s t i f f n e s s .  

Separa te  s imula t ions  were run  by D r .  I. Y .  Bar-Itzhack 
and t h e  au tho r ,  u s ing  TRANSIM and CSSL I11 r e s p e c t i v e l y .  W e  
examined t h e  c o n t r o l  system response fo r  25 seconds of LRV 
t r ave l  over  rough mare. The s imula t ion  d i d  n o t  i nc lude  accelera- 
t i o n s  a t  t h e  gimbal p o i n t ;  however, t h e  system w a s  tested w i t h  
a s t e p  torque  i n p u t  which should be i n  excess  of t h a t  produced 
by t h e  maximum r i g i d  body a c c e l e r a t i o n  

Figure 2 shows t h e  response of t h e  c o n t r o l  system t o  
angu la r  ra te  d i s t u r b a n c e s  t ransmi t ted  by v iscous  f r i c t i o n  d u r i n g  
t h e  25 second t r a v e l  of t h e  LRV. Figure 3 shows t h e  response t o  
a s t e p  torque  of  1/3 ft .  l b .  i n  a d d i t i o n  t o  t h e  r a t e  d i s t u r b a n c e .  
The angular  ra te  and angle  i n p u t s  are shown i n  F igures  4 and 5 
r e s p e c t i v e l y .  The response t o  ra te  d i s t u r b a n c e s  i s  minimal, 
0 .008  degrees .  I t  i s  c l e a r  t h a t  a c c e l e r a t i o n  of unbalance mass 
w i l l  dominate as an error source.  The excurs ion  due t o  t h i s  
sou rce  can be l i m i t e d ,  by reducing mass unbalance,  of cour se ,  
and by c o n t r o l  system des ign ,  t o  be w i t h i n  t h e  r equ i r ed  
t o l e r a n c e .  
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CONCLUSION 

Begging t h e  ques t ion  of d e s i r a b i l i t y ,  it i s  clear 
from t h e  foregoing  t h a t  t h e  p r o j e c t  i s  f e a s i b l e .  

I n  summary I would make t h e  fol lowing s p e c i f i c  
recommendations : 

Ear th  Tracker:  

That an o p t i c a l  E a r t h  s eeke r  be used i n  p re fe rence  
t o  a gyro s t a b i l i z e d  system. Obviously, t h e  Earth-Moon l i n e  
i s  a more d e s i r a b l e  r e f e r e n c e  than an i n e r t i a l  l i n e  f o r  t h i s  
purpose i n  a d d i t i o n  t o  t h e  gyro d r i f t  problem. 

e f f i c i e n t  des ign  a t  a s l i g h t  weight pena l ty .  
Opt ics  should be p r e f e r r e d  t o  a shadow mask fo r  an 

Sensing i n  t h e  v i s i b l e  range,  w i t h  the  g r e a t e r  
a v a i l a b l e  energy,  appears  p r e f e r a b l e  t o  IR, for  t h e  given 
beamwidth of t h e  antenna. 

I t  appears  t h a t  a s i l i c o n ,  p h o t o v o l t a i c  quadce l l  
o r  p o s i t i o n  ce l l  should be the  sensor .  

A minimum 20' Earth-Moon-Sun angle  should permit  a 
s t r a i g h t f o r w a r d  sunshade design. 

G i m b a l s  : 

A two-axis gimbal s y s t e m  r e p r e s e n t i n g  t h e  LRV 
p i t c h - r o l l  axes  should be used. Avoid an Az-E1 gimbal system. 

A gimbal angle  range of  30-40' appears  adequate.  

The gimbals should be mass balanced us ing  a u s e f u l  
counterba lance  (such as a t o o l ) .  

Mass should be d i s t r i b u t e d  t o  i n c r e a s e  t he  roxent 
of  i n e r t i a  about t h e  a c t i v e  axes. 

The gimbals should be f r e e  (as opposed t o  i r r e v e r s i b l e )  
and normal (as opposed t o  i n v e r t e d ) .  

The o p t i c a l  s i g h t  should be S h p l i f i e d  or removed, 
if p o s s i b l e .  
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Forcing Funct ions:  

f l e x i b l e  body a c c e l e r a t i o n  of  t h e  unbalanced, gimballed 
mass. The ba lance  should be as f i n e  a s  p o s s i b l e .  The 
d i f f e r e n t i a l  gimbal rate,  coupled through f i s c o u s  f r i c t i o n ,  
w i l l  be a minimal d i s tu rbance .  

The dominant d i s t u r b i n g  f o r c e  w i l l  be r i g i d  and 

Power Requirements : 

The power r e q u i r e d  to  maintain a n e a r l y  i n e r t i a l  
The power demand o r i e n t a t i o n  i s  t h e o r e t i c a l l y  n e g l i g i b l e .  

i s  dominated by m a s s  unbalance. 
r e q u i r e d  f o r  s t a b i l i z a t i o n  w i t h  0.33 f t .  l b .  unbalanced 
to rque  accord ing  t o  I. Y. Bar - I tzhack ' s  s imula t ion .  

About 12 w a t t  p e r  a x i s  are 

Support  S t r u c t u r e  : 

should be cons idered  t o  reduce f l e x i b l e  body motion of t h e  
suppor t  s t r u c t u r e  a t  t h e  gimbals. 

A bipod,  t r i p o d  o r  prestressed guywire arrangement 

A. Heiber 

Attachments 
F igu res  1 - 5 



SUPPORT 

NORMAL GIMBALS 

T MAST 

T MAST 

INVERTED GIMBALS 

FIGURE 1 - GIMBAL CONFIGURATIONS 
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